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(57) ABSTRACT 

A heater member is formed in structure including a heater 
layer With a loW electrical resistivity and a cap layer With a 
higher electrical resistivity, an electrically conductive elec 
trode ?lm is formed thereon, and electrically conductive 
bumps are formed thereon by plating. Unnecessary part of 
the electrode ?lm is removed using the bumps as a mask. 
The heater member generates heat to thermally expand a 
thin-?lm magnetic head, Whereby the distance is reduced 
between a recording medium and, a magnetoresistive device 
and/or an electromagnetic conversion device. During 
removal of the electrode ?lm part of the cap layer With the 
higher electrical resistivity in the heater member is removed 
together With the electrode ?lm, Which reduces the variation 
in the total resistance of the heater member. 

7 Claims, 17 Drawing Sheets 
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THIN-FILM MAGNETIC HEAD HAVING 
HEATER MEMBER AND BUMP FOR 

ELECTRICAL CONNECTION OF HEATER 
MEMBER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of producing a 

thin-?lm magnetic head, a thin-?lm magnetic head, a head 
gimbal assembly, and a hard disk drive. 

2. Related Background Art 
A thin-?lm magnetic head With a Writing electromagnetic 

conversion device and/ or a reading magnetoresistive device 
is con?gured to ?oat or ?y over a hard disk as a recording 
medium during recording into or reading from a hard disk 
drive (e.g., Japanese Patent Application Laid-Open No. 
5-20635). Speci?cally, the thin-?lm magnetic head is 
mounted on a gimbal, and the gimbal is attached to a distal 
end of a ?exible suspension arm, thereby constructing a head 
gimbal assembly (HGA). Then an air?oW made With rota 
tion of the hard disk ?oWs under the thin-?lm magnetic head 
to bend the suspension arm, Whereupon the head ?ies. 

With increase in density of the hard disk, the air gap or 
head ?y height betWeen the thin-?lm magnetic head and the 
hard disk has been decreasing as 20 nm, 15 nm, and 10 nm 
to the limit. 

SUMMARY OF THE INVENTION 

For achieving higher density, it is necessary to further 
decrease the distance betWeen the recording medium and the 
electromagnetic conversion device and/or the magnetoresis 
tive device of the thin-?lm magnetic head from those having 
been achieved heretofore. 

The present invention has been accomplished in order to 
solve the above problem and an object thereof is to provide 
a method of producing a thin-?lm magnetic head, a thin-?lm 
magnetic head, a head gimbal assembly, and a hard disk 
drive capable of achieving a smaller spacing betWeen the 
recording medium and the electromagnetic conversion 
device and/or the magnetoresistive device of the thin-?lm 
magnetic head. 

The Inventors have conducted elaborate research and 
found that the distance betWeen the magnetoresistive device/ 
electromagnetic conversion device and the recording 
medium opposed to these magnetoresistive device and elec 
tromagnetic conversion device could be reduced by provid 
ing a heater member adapted to generate heat When ener 
giZed, in the thin-?lm magnetic head, and thermally 
expanding the thin-?lm magnetic head by the heat generated 
by the heater member. 

In production of the thin-?lm magnetic head With such a 
heater member, it is necessary to form bumps for electrically 
connecting the heater member to external poWer input 
terminals, in addition to the heater member. In this process, 
an electrode ?lm is formed on the heater member, the bumps 
are formed on portions of this electrode ?lm by plating, and 
thereafter the rest of the electrode ?lm is removed using the 
bumps as a mask; this results in also removing the heater 
member immediately beloW the electrode ?lm and, in turn, 
causing the variation in the resistance of the heater member 
in certain cases. HoWever, the Inventors found a solution of 
constructing the heater member of a heater layer having a 
small electrical resistivity and a cap layer provided on the 
heater layer and having an electrical resistivity larger than 
that of the heater layer, With the effect of reducing the 
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2 
variation in the resistance of the heater layer due to the 
removal of the electrode ?lm, and thus accomplished the 
present invention. 
A method of production of a thin-?lm magnetic head 

according to the present invention is a method of producing 
a thin-?lm magnetic head, comprising: a heater member 
forming step of forming a heater member having a heater 
layer With a predetermined electrical resistivity and a cap 
layer With an electrical resistivity higher than that of the 
heater layer, provided on the heater layer; an electrode ?lm 
forming step of forming an electrically conductive electrode 
?lm on the heater member; a bump forming step of forming 
an electrically conductive bump on part of the electrode ?lm 
by plating using the electrode ?lm as an electrode; and an 
electrode ?lm removing step of removing the rest of the 
electrode ?lm, using the bump as a mask. 
By the production method of the thin-?lm magnetic head 

according to the present invention, the heater member is 
formed in the thin-?lm magnetic head and during use of the 
thin-?lm head the heater member is energiZed to generate 
heat so as to thermally expand the thin-?lm magnetic head, 
Whereby the distance is reduced betWeen the recording 
medium and the magnetoresistive device/electromagnetic 
conversion device of the thin-?lm magnetic head. 
The heater member has the heater layer With the loW 

electrical resistivity, and the cap layer With the electrical 
resistivity higher than that of the heater layer, formed on the 
heater layer, and in the step of removing the electrode ?lm 
formed on the heater member, part of the cap layer on the 
heater layer is also removed together With the electrode ?lm. 
A contribution of the cap layer With the higher electrical 
resistivity is smaller than a contribution of the heater layer 
With the loW electrical resistivity, to the total resistance of 
the heater member having the parallel circuit composed of 
the heater layer and the cap layer in this structure. For this 
reason, even if variation occurs in the thickness of the cap 
layer among thin-?lm magnetic heads due to the removal of 
the cap layer during the removal of the electrode ?lm, the 
variation in the sheet resistance of the entire heater member 
is smaller than that among the magnetic heads made Without 
the cap layer and experiencing the variation in the thickness 
of the heater layer due to the removal of the heater layer. 
Therefore, it is feasible to suitably control the heat generated 
in the heater member in each thin-?lm magnetic head. 

Preferably, the heater member forming step is to form the 
heater member so that the heater layer has an exposed 
portion exposed to the outside, the electrode ?lm forming 
step is to form the electrode ?lm over the cap layer and the 
exposed portion of the heater layer, and the bump forming 
step is to form the bump on a portion of the electrode ?lm 
in contact With the exposed portion of the heater layer. 

In this method, the bump is electrically connected to the 
heater layer, Without an intermediate of the cap layer having 
the electrical resistivity higher than that of the heater layer, 
and thus an electric current is alloWed to ?oW suitably to the 
heater. 

Preferably, the electrical resistivity of the cap layer is four 
or more times the electrical resistivity of the heater layer. 

This enables us to control the variation in the sheet 
resistance of the heater to 2% or less. 

Examples of the material for the heater layer include Cu, 
Au, Ni, Co, Ta, W, Mo, Rh, and alloys of these. 

Examples of the material for the cap layer include Ta, Ti, 
Pt, Ru, Rh, Hf, Cr, Ni, Co, W, Mo, Rh, and alloys of these. 

Preferably, the heater member forming step is to form at 
least one of the heater layer and the cap layer by sputtering. 
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This permits us to suitably form, particularly, a relatively 
thin heater. 

Athin-?lm magnetic head according to the present inven 
tion is a thin-?lm magnetic head comprising: a heater layer 
With a predetermined electrical resistivity forming a current 
carrying path of a predetermined shape; an electrically 
conductive electrode ?lm member located so as to face a 
portion of one principal surface of the heater layer and 
electrically connected to the heater layer; a cap layer With an 
electrical resistivity higher than that of the heater layer, 
provided in ?t to the shape of the current-carrying path on 
the other portion of said one principal surface of the heater 
layer; and an electrically conductive bump formed on the 
electrode ?lm member by plating. 

In the thin-?lm magnetic head of the present invention, 
the heater member including the heater layer and the cap 
layer is energiZed during use of the thin-?lm head to 
generate heat so as to thermally expand the thin-?lm mag 
netic head, Whereby the distance is reduced betWeen the 
recording medium and the magnetoresistive device/electro 
magnetic conversion device of the thin-?lm magnetic head. 
A parallel circuit is composed of the heater layer With the 
loW electrical resistivity and the cap layer With the higher 
electrical resistivity, and the contribution of the cap layer 
With the higher electrical resistivity is smaller than that of 
the heater layer With the loW electrical resistivity, to the total 
resistance of the heater member. For this reason, even if 
variation occurs in the thickness of the cap layer among 
thin-?lm magnetic heads due to the removal of the cap layer 
by a certain thickness in the production step of forming the 
electrode ?lm member by removing the electrode ?lm 
formed on the heater member, using the bump as a mask, the 
variation in the resistance of the heater member is smaller 
than that among the magnetic heads made Without the cap 
layer and experiencing the variation in the thickness of the 
heater layer. 

In the above thin-?lm magnetic head, preferably, the 
electrode ?lm member is laid on said one portion of the 
heater layer. 

In this con?guration, the bump is electrically connected to 
the heater layer, Without an intermediate such as the cap 
layer With the electrical resistivity higher than that of the 
heater layer, or the like, and thus an electric current is 
alloWed to How suitably to the heater layer. 

Preferably, the electrical resistivity of the cap layer is four 
or more times the electrical resistivity of the heater layer. 

This enables us to control the variation in the sheet 
resistance of the heater to 2% or less. 

Examples of the above heater layer include Cu, Au, Ni, 
Co, Ta, W, Mo, Rb, and alloys of these, and examples of the 
above cap layer include Ta, Ti, Pt, Ru, Rh, Hf, Cr, Ni, Co, 
W, Mo, Rb, and alloys of these. 
A head gimbal assembly according to the present inven 

tion is a head gimbal assembly comprising a base, a thin-?lm 
magnetic head formed on the base, and a gimbal adapted to 
?x the base, Wherein the thin-?lm magnetic head comprises 
a heater layer With a predetermined electrical resistivity 
forming a current-carrying path of a predetermined shape; 
an electrically conductive electrode ?lm member located so 
as to face a portion of one principal surface of the heater 
layer and electrically connected to the heater layer; a cap 
layer With an electrical resistivity higher than that of the 
heater layer, provided in ?t to the shape of the current 
carrying path on the other portion of said one principal 
surface of the heater layer; and an electrically conductive 
bump formed on the electrode ?lm member by plating. 
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4 
A hard disk drive according to the present invention is a 

hard disk drive comprising a base, a thin-?lm magnetic head 
formed on the base, and a recording medium opposed to the 
thin-?lm magnetic head, Wherein the thin-?lm magnetic 
head comprises a heater layer With a predetermined electri 
cal resistivity forming a current-carrying path of a prede 
termined shape; an electrically conductive electrode ?lm 
member located so as to face a portion of one principal 
surface of the heater layer and electrically connected to the 
heater layer; a cap layer With an electrical resistivity higher 
than that of the heater layer, provided in ?t to the shape of 
the current-carrying path on the other portion of said one 
principal surface of the heater layer; and an electrically 
conductive bump formed on the electrode ?lm member by 
plating. 
The head gimbal assembly and the hard disk drive as 

described above comprise the aforementioned thin-?lm 
magnetic head, Whereby the distance is reduced similarly 
betWeen the recording medium and the magnetoresistive 
device/electromagnetic conversion device of the thin-?lm 
magnetic head and the variation is reduced in the resistance 
of the heater. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW shoWing an embodiment of 
the hard disk drive according to the present invention. 

FIG. 2 is a perspective vieW shoWing a head slider. 
FIG. 3 is a sectional vieW shoWing the thin-?lm magnetic 

head according to the embodiment. 
FIG. 4 is a plan vieW shoWing the heater of the thin-?lm 

magnetic head according to the embodiment. 
FIG. 5 is a sectional vieW along ViV of the thin-?lm 

magnetic head of FIG. 3. 
FIG. 6 is a schematic vieW shoWing a state in Which the 

thin-?lm magnetic head in the embodiment is thermally 
expanded. 

FIG. 7 is an illustration shoWing a production method of 
the thin-?lm magnetic head according to the embodiment. 

FIG. 8 is a sectional vieW along VIIIiVIII in FIG. 7. 
FIG. 9 is an illustration subsequent to FIG. 8 to illustrate 

the production method of the thin-?lm magnetic head 
according to the embodiment. 

FIG. 10 is an illustration subsequent to FIG. 9 to illustrate 
the production method of the thin-?lm magnetic head 
according to the embodiment. 

FIG. 11 is an illustration subsequent to FIG. 10 to illus 
trate the production method of the thin-?lm magnetic head 
according to the embodiment. 

FIG. 12 is a table for Comparative 
Examples li6. 

FIG. 13 is a table 
Examples 7*l2. 

FIG. 14 is a table 
Examples l3il8. 

FIG. 15 is a table 
Examples l9i24. 

FIG. 16 is a table 
Examples 25*30. 

FIG. 17 is a table 
Examples 3li36. 

Example 1 and 

for Comparative Example 2 and 

for Comparative Example 3 and 

for Comparative Example 4 and 

for Comparative Example 5 and 

for Comparative Example 6 and 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present invention Will 
be described beloW in detail With reference to the accom 
















